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I think that it ig very fitting that this conference on advanced technology , .
airfoils be held here st Langley, for this Center is the origin of the well- ' ‘
known and widely-used NASA series airfoils. It was those airfoiis, more than

any other single factor, I believe, that gave NACA its well-deserved inter-

national reputation., I also want to express my pleasure in being a cochairman.

of a conference which has as its honorary cochairmen Ira Abbott, who spear-

headed much of that early effort, and Dick Whitcomb, who is responsible for

getting much of the current NASA effort started.

I've put together (fig. 1) an abbreviated chronology of airfoil development ,
in order to put the present NASA airfoil program in perspective. As you can
see, the bulk of the NACA airfoil effort occurred in the 1930's and the early
1940's,  Although there was some additional effort in the 1940's and early
1950's such as the "H" series for rotorcraft, NASA didn't get back into the
airfoil business in a meaningful way until the late 1960's when Whitcomb began
his supercritical airfoil work. The success of that effort and the extension
of the technology it represented to other applications led to the present
expanded airfoil Progrém which was started in the early 1970's.

In structuring our present program, it is instructive to consider the
reasons why the NACA teries airfoils had the impact they had. The first and
obvious one is that they were good airfoils, better in a number of respects
than the ones which they eventually replaced. The second is that they were
the result of 2 Systematic development program of families of airfoils which
were derived from a particular design philosophy and carefully documented.

In this way, airplane designers could choose an airfoil that seenied optimum for
their use and could assess what performance penalties would occur if'they had
to deviate from the ideal section because of practical constraints. The key to

success, then, wes a systematic program which resulted in families of airfoils
for different applicat*ons with documented characteristics.,

This view was brought home to us by the industry representatives who
attended a NASA/Industry Airfoil Workshop which we held in Washington in
January 1975, The purpose of that workshop was to review and discuss our ajr-

program accordingly, The specifics can best be brought out by considering the
objectives and elements of our present program (fig, 2)

systems (fig. 3). The increased emphasis we are now ‘
Systems is a result of the needs for such information !
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which was expressed at the 1975 workshop. The analysis and design methods
which we research are made available to industry for their use in developing
afrfoils for their specific usec and are also used by us in the second half of
our program to develop and document the behavior of generic families of air-
foils for a range of aircraft types as shown in figure 4.

The analysis methods which have been and are being developed draw heavily
upon and benefit From the remarkable advances made in computational aerody-
namics during the past few years. The use of computational codes, counled
with mathematical optimization techniques, constitute a powerful tool for
turning out new airfoil designs to satisfy specific requirements. In spite of
limitations, these ccriputational methods have proven to be singularly success-
ful for design purposes and can be used to document airfoil characteristics
as well, at least at conditions involving no or small amounts of separation.
Simplistically, the state of the art can be characterized by the theory-data
comparison shown in figure 5. Viscous theory is fine, whether we are talking
about low speed calculations or more sophisticated transonic codes, but only
until separation occurs. Thus, the problem of handling viscous-dominant flows
is receiving wide attention by researchers, and cne approach vwhich is starting
to show promise is shown in figure 6, which gives results of Pr27. Carlson's
free-streamline modeling theory applied to a low speed airfoil. Another
approach - the use of Navier-Stokes codes - may work for the very low Reynolds
number situation wherein laminar separation occurs (fig. 7), as we can see by
comparing Mehta's code with a flow visualization experiment and even for
unsteady transonic flow at small angles of attack. Unfortunately, such codes
do not work as yet for situations involving large regions of turbulent flow
and we are placing a great deal of emphasis at our Centers in providing better
turbulence models for handling such cases with Navier-Stokes codes.

We have spent and are spending a good deal of effort in the third element
of the methods part of our airioil program in improving existing facilities
and developing new ones and in developing test and instrumentation techniques
to extend the range and validity of 2-D data. You will be hearing talks on
this aspect of our program, and I will only mention here that our steble of
facilities, which includes Langley's low-turbulence pressure tunnel, 6- by
28-inch transonic tunnel, and 0,3-meter transonic cryogenic tunnel, and
Ames's 2' x 2' transonic tunnel and 11' transonic tunnel, cover the complete
Mach number and Reynolds number map for all classes of aircraft combinations.

Insofar as the applications part of our program is concerned, you'll be
getting some detailed information regardina our efforts from the following two
speakers, I will only mention a few things that we have done to be responsivy:
to the needs and recommendations of the industry as surfaced at the January
1975 workshop: We have expanded our experimental program to document the
characteristics of our new supercritical and low speed airfoil designs cover-
ing a large range of thickness and design 11ft coefficients, and in particular,
we have included data on high-11ft systems; we have initiated and now have in
operation an airfoil design and analysis service at Ohio State University; and
after a slow start, we have tested a large number of rotorcraft airfoils to
get baseline data for new designs which are underway. Our applications program
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also includes the design and testing of very thick airfcils for large 2argo
aircraft, very thin airfoils for turboprop application, and special pu.pose
airfoils for wind generators, RPV's (remotely piloted vehicies), and rotating
machinery.

AS ¢o where and how the program is carried out, it is .lear that the bulk
of the design and testing is in-house although we have gotten some excellent
university help in obtaining low speed airfoil data. We also look to univer-
sities and industry for help in advancing our analytical capability. Lannley
is our lead Center in this program with an across-the-board capability, with
Ames making particular contributions in Navier-Stokes analysis, design optimi-
zation procedures, and in acquiring high-1ift system and unsteady aerodynamic
data. The contributions from the various in-house and outside sources will
become apparent as the papers are presented in this conference.

Before turning over the podium to the next speaker, I'd 1ike to say that
I think that we have made some solid contributions in airfoil development and
hope to make a lot more in the next few years. Much of the success of the
Langley program can be attributed to Bob Bower's interest and support in
marshalling the resources of the Center behind tne program. The other indi-
vidual whe has worked hard and effectively on a day-to-day basis to make the
program and this conference go, who has acted as a principal spokesman for the
program to the outside community, and who feeds me information as I need it
with great patience and humor, Ken Pierpont. I take this opportunity to
acknowledge their efforts.




v
.H
f
3
"
v

A R A e

LA o
\

AT

R &

1AMV

JINOSNYYL QNY
JINOSENS 11V

14440 LOY

1AWV 137
NOILVYINI9 ONZ

LAVINIV L7
NOI1VY3N9 1ST

SY3113404d
14VYI4IV LSOW

S43113404d

14VYIHIV LSOW
NOTIVOTTddV

-£8otouoay)y -°1 2andrg

SI11408d
A90T0ONHI3L TIINVATY

Y3IHI0 ANV "T-(M)V9
“IVIILIYIYIdNS VSUN

NNVWLIYOM “SSTINIOHS YN

«MV3d, IdN

SITY3S 9 VOWN

SIIY3IS ¢ 3 T VIWM
SIIY3S 11910 S B h VIOWN

A Y1)

213 1dN
“NIONILLO9 “INSHOMNOP

AL

$,0461
s,096T

S,0961

S,0h61

s,066T
s,0261

S,006T ATYV3
IV

e




‘wexdoid juswdoysAsp TTOJATE YSYN -'7 2an81g

NOILVINZUNIOQ ©

PO TN

o SINOINKIIL 1531
. NOLLYDT4I¥IA © ONY SITLITIOVA TINIMINEAXD © |
! N9IS30 © SUNTII08d NOTLYZINILAD O |
B
I NOLLINI43Q SINIWIUINDIY o SITWYNAGONZY TYNOLLYLNAWDD ©
T, o STOHL3W A
. SNOLLYIT VddV NOISIA 3 SISKTVNY
e \ M
W . ,.r,//\mu>_huuﬁmo |
| 1
S |
R _
M :



AIRFOILS

AERODYNAMIC CONTROLS

HIGH LIFT SYSTEMS

Figure 3.- Single element airfoil thrust.

LOW SPEED GENERAL AVIATION

SUBSONIC TRANSPORTS

ROTORCRAFT AND PROPELLERS

LARGE CARGO

SPECIAL PURPOSE

Figure 4.~ Airfoil applications.
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Figure 5.- Airfoil with separated flow.
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Figure 6.- Massive separation flow model.
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(a) Angle of attack, 15°; Reynolds number, 103;
92 thick symme.vical airfoil.

(b) From Prandtl, L. 1952 Essentials of Fluid Dynamics,
p. 200, figure 3.83.

Figure 7.- A qualitative comparison of leading-edge stall.




